Introduction
With improving high quality displays and other optical devices, it is needed to develop new liquid crystal materials. Optimizing liquid crystal mixtures is required to know their physical properties which have an influence on switching times, contrast ratio and power consumption [1] [2] [3] [4] [5] . One of the most difficult and problematic to measure is a twist elas− tic constant K 22 . Knowledge of that constant is especially particular in producing in−plane switching display devices which have large viewing angels, high contrast ratio, and fast response. There is also important to know how the materials work in a wide range of temperatures, so the tem− perature dependence of K 22 is good to know, too [6] .
From a few known measurement techniques [6] [7] [8] [9] [10] [11] [12] [13] [14] , we have chosen the most widely used method of determining twist elastic constant which could be integrated easily with temperature chambers and could be used for all nematic materials in regard to dielectric anisotropy. Comparison of all methods is shown in Table 1 . This method is based on observing the threshold of the Freedericksz transition for the in−plane switching cells.
Experimental method

Cell structure
Plane geometry of the cell construction is shown in Fig. 1 . The cell consists of in−plane comb−shaped electrodes which have the width w = 10 μm and the distance between them l = 20 μm. Both glass surfaces were coated with special order− ing polyimide material in order to reach less than one degree a perlit angle. Rubbing direction was parallel (for liquid crystals with positive dielectric anisotropy) or perpendicular (for liquid crystals with negative dielectric anisotropy) to the edges of electrodes, because it gives the possibility of reaching the threshold voltage. 
Experimental setup
The experimental setup is shown in Fig. 2 . It consists of oscilloscope which measures driving RMV voltage gene− rated from digital generator, digital multimeter which mea− sures the voltage from photodiode, source of light -LED, temperature chamber and handler with the tested cell. All elements are connected by GPIB with PC with tools collec− ting, storing and processing data in order to make an optical transmission as a function of applied voltage.
Theoretical background
There are three basic elastic constants in deformation theory of liquid crystals K 11 (splay), K 22 (twist), and K 33 (bend). A variation of the director in space induces an increase in free energy. According to the Frank−Ossen elastic theory for nematic liquid crystals, the distortion energy related to the variation of the director in the space F LC can be written using these three elastic constants as [15] [16] [17] [18] 
Three terms in Eq. (1) are related to distortions presented in Fig. 3 .
When an externally electric field is applied, then electro− static energy per the unit volume F el is a function of the dielectric field and the director [19] 
e e e e D ( ) , (2) where D is the dielectric displacement, E is the electric field, n is the director, De e e = -| | is the dielectric anisotropy as a difference between dielectric constant along the director and dielectric constant perpendicular to the director, and e 0 is the dielectric permittivity of vacuum.
The total free energy per the unit volume F TOT can be expressed as [17] [18] [19] 
where V is the bulk of a liquid crystal layer. In the case presented in Fig. 4 , the electric field is app− lied along the y−axis and the director n can be written as [15] 
where f is the twist angle. Assuming strong anchoring and the pretwist angle (rub− bing direction) f 0 0 = , Eq. (3) can be expressed as below [19] 
where z is the coordinate along the cell thickness.
In order to calculate a director distribution across the layer, it is required to minimize the total free energy (F TOT = 0), taking into account the boundary condition f 0 0 = . The threshold voltage V TH can be written as follows [12, 19] V d
where d is the thickness of the cell and l is the distance between the electrodes. It is possible to calculate the value of a twist elastic con− stant from Eq. (6) as long as the value of the threshold vol− tage is known. To find the threshold voltage, the observa− tion of transmittance characteristics is needed. However, obtaining the transmittance−voltage curve is quite easy, but finding the threshold voltage is much more difficult.
We obtained the threshold voltage of above 3 V. Using the value V TH = 3 V into Eq. (6), for l = 20 μm, d = 5.1 μm, De =14.4 the twist elastic constants is K 22 = 7.56 pN. But, when we analyzed the results of optical transmission in neighbourhood of the voltage of 3 V, we could see that threshold voltage is less than 3 V.
In our case, the threshold voltage is about V TH = 2.56 V. Using this value, we obtain K 22 = 5.5 pN. Both of values are confirmed in Refs. 9 and 11. The values of twist elastic con− stants for E7 material are between 5 and 9 pN [8, 9, 11, 14] . These values give about 55% uncertainty of the calculated values. Using a threshold term, it is much more likely that a real value of the investigated volume is lower than higher, because it is needed to find starting point of molecules ori− entation. The director is aligned by the surfaces. The method involves some simplifications. One of them is infi− nite (strong) anchoring. Assuming that the extrapolation length x = K 22 /W a is much smaller than the cell gap thick− ness d where W a is the anchoring energy coefficient, Eq. (6) is correct [6, 19] . In that case, extrapolation length is of the order of [pm] . Such a small value added to cell thickness of μm−order will not make a significant change in Eq. (6) .
The method used in this work had been checked also with 6−CHBT material. In literature, its twist elastic con− stant is reported as K 22 = 3.7 pN [19] . Our calculations accord very well with that mentioned before and a value of the twist elastic constant is K 22 = 3.64 pN.
Experimental results and discussion
Successfully tested method was used to determine the twist elastic constant of some new nematic liquid crystal mate− rials 1658−1, 1782−D, 1782−E, 1801, 903, 1795−B, and 1795−C. First four materials have positive dielectric aniso− tropy, the last three have negative one. In Table 2 , geometri− cal parameters of cells and dielectric anisotropy of liquid crystals filling them are given. That data were used for calculations. Table 3 presents the threshold voltages and twist elastic constants determined for liquid crystal materials mentioned before. Table 2 contains also measurement error margins which are related to uncertainty of dielectric anisotropies and threshold voltages at the given temperature. Values of these parameters could be given at the temperature shifted at about ±0.5°C which makes an error margin. It should be noticed that error margins given in Table 3 do not include errors related with problematic pointed threshold voltages out. This uncertainty can reach 10%−tolerance. In this work, the temperature characteristics were also determined. The transmission−voltage plots obtained for temperatures range between 10 and 40°C are shown in Fig. 5 . This range of temperatures is in general application field, e.g., liquid display devices.
As we can see, threshold voltages for liquid crystals with negative dielectric anisotropy are clearly higher (1795−B, 1795−C, 903). Liquid crystal 903 is the most sensitive to temperature changes.
In Fig. 6 , influence of temperature on twist elastic con− stants was presented for tested liquid crystal cells. Twist elastic constant is also higher for liquid crystals with nega− tive dielectric anisotropy because it is in direct with square of a threshold voltage.
As it is shown in Figs. 5 and 6, both threshold voltage and twist elastic constant for tested cells as a function of temperature in the range between 10°C and 40°C are li− nearly dependent. Maximum and minimum values of a thre− shold voltage and a twist elastic constant and their mean changes per°C for investigated liquid crystal materials are given in Table 4 .
Conclusions
Different methods of measurement of K 22 elastic constant were critically discussed (see Table 1 ). Measurement method of K 22 using IPS cells with E7 and 6−CHBT LC materials was tested. Accuracy measurement was obtained in the range of 20%. The obtained results are comparable with the data reported in Refs. 9 and 19. Choosing the threshold voltage was the most important influence on an error margin (even 15%). The value of electric anisotropy and geometrical parameters of cells had influence on error margin, too (even 5%). K 22 of new liquid crystal materials was obtained. Its values are convenient for STN cells application. 
